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1

AXIAL DEVIATION DETERMINING
METHOD FOR ON-VEHICLE RADAR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an on-vehicle radar or, in
particular, to a method of determining the axial deviation of
the on-vehicle radar using the track of a stationary object.

2. Description of the Related Art

The use of a scanming-type radar on a vehicle requires that
the axis of the direction 1n which an automotive vehicle 1s
running straight coincides exactly with the center line of
beam scanming. A deviation, i1f any, of the axis due to the
vibration or the positional variation of the radar while the
vehicle 1s running would result 1n an erroneous detection of
the position of an object such as another vehicle runming
ahead. While the vehicle 1s runming, therefore, the axial
deviation 1s detected constantly and corrected (Japanese
Unexamined Patent Publication No. 2001-166051) (Patent
Document 1).

FIGS. 1 to 2B show an example of the conventional
method of axial deviation.

FIG. 1 shows an example of a straight road having lanes
12, 14 on the left and right sides of a white center line 13
with guard rails 11 and 15 providing stationary objects on
the sides of the road on which a vehicle 10 1s running along,
the left lane 12.

FIG. 1 also shows both a radar detection area 18a without
any axial deviation of the radar mounted on the vehicle 10
and a radar detection arca 186 having a rightward axial
deviation (at axial deviation angle 0). Reference numeral 16
designates the axis of the direction 1mn which the vehicle 10
1s running straight, and numerals 17a, 175 the scanning
center axes of the beams of the radar detection areas 184,
185, respectively.

FIG. 2A shows an example of detection of a stationary
object without any axial deviation.

In this case, the beam 1s scanned 1n the radar detection
arca 18a, and the distance to the guard rails 11, 15 providing
stationary objects 1s detected a plurality of times for each
beam angle (®,) within a predetermined time length. The
result of detection 1s plotted on the x-y coordinate with the
current position of the vehicle 10 as the origin, the ordinate
representing the straight distance covered and the abscissa
the left and right lateral positions. FIG. 2B 1s the same as
FIG. 2A except that in FIG. 2B, the beam 1s scanned 1n the
radar detection areca 186 which has developed an axial
deviation (axial deviation angle 0).

In FIGS. 2A, 2B, each boundary between the road and the
guard rails 11, 15 providing the stationary objects (herein-
after referred to as the calculated stationary object line),
calculated using a predetermined algorithm based on the
detection data, 1s 1llustrated by a thick solid line. In the state
free of axial deviation shown 1n FIG. 2A, the calculated
stationary object line 1s parallel to the axis 16 of the direction
in which the vehicle 1s running straight ahead. In the state
which an axial deviation has developed, as shown in FIG.
2B, on the other hand, the calculated stationary object line
1s tilted by the axial deviation angle 0 from the axis 16 of the
direction 1n which the vehicle 10 1s running straight ahead.
As a result, the axial deviation of the radar mounted on the
vehicle 10 can be detected and, 1f necessary, the axial
deviation angle 0 1s corrected by the axial deviation adjust-
ing mechanism in the vehicle 10.

An axial deviation may be detected by the method
described above, however, 1t may also be detected 1n accor-
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2

dance with the environment or mode 1n which the vehicle 1s
running as well as due to the actual axial deviation of the
radar. If, for example, a guard rail 1s also formed 1n the side
strip constituting a part of the road, or a tunnel entrance
narrower than the width between the guard rails exists
ahead, or the vehicle changes the lane on a two-lane road,
the data on the stationary objects detected a plurality of
times within a predetermined time length and accumula-
tively plotted and displayed are not as simple as the linear
form shown 1n FIGS. 2A, 2B, but have a complicated shape
with some redundancy containing a plurality of rises therein.
In the case where the calculated stationary object line 1s
determined from the detection data having such a compli-
cated shape, there 1s a problem that the calculation accuracy
1s reduced and the radar, even 11 correctly 1nstalled (with the
radar detection area 18a), may detect an erroneous axial
deviation (with the radar detection area 185). Another prob-
lem 1s that automatic adjustment of the radar angle to
compensate for the erroneously detected axial deviation
would adversely affect the control of the running vehicle.

SUMMARY OF THE INVENTION

In view of the problems described above, 1t 1s an object of
this mvention to provide an axial deviation determination
method for an on-vehicle radar, in which in the case where
the stationary object detection data by beam scanning meets
predetermined conditions for axial deviation determination,
the process of determinming the calculated stationary object
line including the particular data 1s canceled thereby to
prevent the erronecous determination of an axial deviation
and the erroneous adjustment of the axial deviation at the
same time.

According to one aspect of this invention, there 1s pro-
vided an axial deviation determining method for an on-
vehicle radar to determine an axial deviation amount of the
radar from a calculated stationary object line determined by
the distribution of stationary objects, wherein, in the case
where such an element for determining a calculated station-
ary object line as to reduce the calculation accuracy of the
axial deviation amount 1s detected in the distribution of
stationary objects, the calculation of the axial deviation
amount mvolving the particular element 1s canceled.

According to another aspect of the invention, there is
provided an axial deviation determining method for an
on-vehicle radar, comprising the first step of acquiring the
information on the position of each stationary object by
beam scanning within a predetermined time length and the
number of times the particular positional imformation 1s
detected, the second step of converting the positional 1nfor-
mation into the address information of a grid-like table with
the current vehicle position as the origin, the lateral position
of the vehicle on the abscissa and the distance covered by the
running vehicle on the ordinate, and storing the number of
times detected 1n a grid area corresponding to the address
information, the third step of determiming the first angle
calculation grid unit providing a reference for the calculated
stationary object line from a grid column along a predeter-
mined ordinate 1n the grid-like table, the fourth step of
determining an angle calculation grid unit of a grid column
along the predetermined ordinate for the next distance range
along the direction in which the vehicle 1s running, within
the range of the abscissa including the angle calculation grid
unit and the grid units on the left and right sides thereof and
sequentially repeating the process, and the fifth step of
withholding the calculation to determine a calculated sta-
tionary object line connecting the determined angle calcu-
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lation grid unit upon detection of a plurality of rises in the
number times detected, from the grid column of the next
distance range within the range of the abscissa including the
angle calculation grid unit and the predetermined number of
orid units on the left and right sides thereof at the fourth step.

According to this mvention, there 1s provided an axial
deviation determining method for an on-vehicle radar
wherein, 1n the case where the stationary object detection
data by beam scanning meets predetermined conditions of
determining the axial deviation, the calculation for deter-
mimng the axial deviation 1s canceled thereby to prevent the
erroneous determination of an axial deviation and eliminate
the axial deviation adjustment based on the erroneous deter-
mination.

BRIEF DESCRIPTION OF THE DRAWINGS

The present mvention will be more clearly understood
from the description as set forth below with reference to the
accompanying drawings.

FIG. 1 1s a first diagram showing an example of the
conventional axial deviation detection method.

FIG. 2A 15 a second diagram showing an example of the
conventional axial deviation detection method.

FIG. 2B 1s a third diagram showing an example of the
conventional axial deviation detection method.

FIG. 3 1s a diagram showing an example of a map of
stationary objects.

FI1G. 4 1s a first 1llustration of a method of determiming the
calculated stationary object line shown 1 FIG. 3.

FIG. 5 1s a second 1illustration of a method of determining,
the calculated stationary object line shown in FIG. 3.

FIG. 6 1s a diagram 1llustrating a method of determiming
the calculated stationary object line according to the inven-
tion.

FIG. 7 1s a diagram showing an example of a calculation
flowchart according to the ivention.

FIG. 8 1s a diagram showing an example of a map of
stationary objects.

FIG. 9 1s a diagram showing a table of RAMs prepared
from the map of stationary objects of FIG. 8.

FIG. 10 1s a diagram showing the table of FIG. 9
expressed by the difference signs.

Tects of

FIG. 11 1s a diagram showing an example of the e
an application of this imvention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Before describing the invention 1n detail, the conventional
axial deviation determining method 1s explained briefly
below.

FIG. 3 shows an example of the stationary object detec-
tion data (map of stationary objects) obtained by beam
scanning, and illustrates a case 1 which a tunnel entrance
narrower than the width between guard rails exists ahead
along a straight road. In this case, assuming that the current
position of a running vehicle 1s O m 1n the distance along the
ordinate and O m 1n the lateral direction along the abscissa,
the number of times stationary objects are detected 1n a radar
detection area within a predetermined time length (within a
predetermined distance range of 20 m to 70 m) are plotted
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4

three-dimensionally as a detection frequency along the
height axis on a grid defined by the distance and the lateral
position.

The detection frequency “number of times detected” 1s
divided 1nto five stages including O to 23, 25 to 50, 50 to 75,
75 to 100 and more than 100, each discriminated by difierent
halftone dot meshing.

The portion (a) 1n FIG. 3 indicates the stationary object
detection frequency while the vehicle running along the left
lane approaches a tunnel entrance inside of the leit guard
rail. Specifically, the detection frequency of the stationary
objects 1s indicated as an accumulation of figures, as an
example, for the left guard rail, the delineator in the neigh-
borhood of the tunnel entrance located inside of the left
guard rail and the left side wall of the tunnel 1n that order.

The portion (b) in FIG. 3 indicates the frequency of
detection of the median strip with delineators arranged at
predetermined intervals, and the portion (¢) 1 FIG. 3 the
detection frequency of stationary objects in the neighbor-
hood of the tunnel on the oncoming trathic lane.

FIGS. 4 and S show a conventional method of determin-
ing the calculated stationary object line in the example of

FIG. 3.

FIG. 4 1llustrates the manner i which the calculated
stationary object line of the stationary objects located on the
left side (O to -8 m to the left) of the vehicle. In the case
under consideration, in order to determine the grid units used
for the first angle calculation, the calculation of the detection
frequency value diflerence between adjacent grid units of
the grid column nearest to the vehicle 1s repeated sequen-
tially for lateral positions of 0 m toward —8 m. By this
calculation, a grid unit having the largest first tilt angle 1s
detected and determined as a first reference grid unit for
angle calculation.

As an example, the grid unit 1s defined as [ordinate,
abscissal, and 1 the case where the calculation of the
calculated stationary object line 1s started from the ordinate
column of 30 m, assume that the detection frequency of grid
unmt [30, 0] 1s 0, the detection frequency of grid unit [30,
—0.5] as 0, the detection frequency of grid unit [30, -1.0] as
5, the detection frequency of grid unit [30, —1.5] as 12, the
detection frequency of grid unit [30, -2.0] as 5, and so forth.

In this case, the differential values of grid units [30, -0.3]
to [30, -2.0] are determined as 0 (=0-0), -5 (=0-3), -7
(=5-12) and +7 (=12-5), respectively. As a result, grid unit
[30, —1.5] having the largest first tilt value [-7] 1s deter-
mined as the first angle calculation grid unit. In this way, the
orid unit having the maximum absolute diflerence value
with minus sign constitutes an angle calculation grid. In the
case of FIG. 4, the grid unit used for the angle calculation (1)
1s determined as the first angle calculation grid unit.

FIG. 4 also shows the grid selection range by white
arrows 1n determining the next angle calculation grid unait.
As shown by arrows 1n FIG. 4, according to the prior art, in
order to maintain the continuity of the calculated stationary
object line while reducing the calculation amount, the range
including the angle calculation grid unit used for the current
calculation and the left and right adjacent grid units 1s set as
a limited selection range of the angle calculation grid units
used for the next calculation.

FIG. 5 illustrates a method of selecting the next angle
calculation grid unit. In (a) of FIG. 5, a part of the map of
stationary objects of FIG. 3 1s cut out and the first angle
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calculation grid unit [30, —1.5] determined in the aforemen-
tioned example 1s expressly indicated by halftone dot mesh-
ing. As a result, the selection range of the angle calculation
orid unit for the current time point (current session) 1S a
range in which grid unit [32.5, —1.5] having the same lateral
position of —1.5 m as the preceding (first) angle calculation
orid unit 1n the grid column of 32.5 m along the ordinate for
current calculation 1s regarded as the origin, added by the
immediately left grid unit [32.5, —2.0] and the immediately
right grid unit [32.5, —1.0]. As shown 1 FIG. 5, the actual
angle calculation grid unit selection range 1s 1.5 m (=-1.0 to
-2.5 m).

Therefore, one of the three grid units including [32.5,
-1.0], [32.5, -1.5] and [32.5, -2.0] constituting the current
selection range 1s determined as the current angle calculation

orid unit (for the grid column of distance 32.5 m). In the
process, a grid unit having the largest absolute differential
value with minus sign 1s selected by the same method as
explained 1n FIG. 4. By determiming the current angle
calculation grid unit, one of the three frames shown 1n FIG.
5 having the currently-determined angle calculation grid unit
at the center 1s selected as a selection range of the next angle
calculation grid unit (in the grid column of distance 35.0 m).

The portions (b) and (¢) of FIG. 5 illustrate an example of
the diflerence calculation to select the next angle calculation
orid umt based on the determination of the current angle
calculation grid unit. To facilitate understanding, the same
detection frequency and differential value as in FIG. 4 are
used and are not described any more. After all, the grid
having the largest differential value with minus sign 1s
determined as the current angle calculation grid unit.

The method described above 1s used also to determine the
calculated stationary object line of a stationary object
located on the right side (lateral positions of O to +8 m) of
the vehicle in FIG. 3. In this case, however, the diference 1s
calculated from the lateral position of 0 to +8 m.

Returming to FIG. 4, it 1s understood from the foregoing
explanation that the angle calculation grid unit (halftone dot
meshed) and the selection range thereof (white arrow) move
progressively from (1) to (5) with the increase in distance,
thereby leading to the same calculation result as 1n the state
shown 1n FIG. 2B 1n which the axial deviation develops. In
the case where the calculated stationary object line 1s
determined from the stationary object detection data having
a complicated shape, the calculation accuracy may often be
reduced resulting 1n an erroneous determination of an axial
deviation.

FIGS. 6 and 7 show a calculation method of the calculated
stationary object line improved to prevent the erroneous
determination described above.

To facilitate the understanding, the operating principle 1s
explained first. In this example, a plurality of different
“rises” of the stationary object detection frequency are
detected within a predetermined range with the angle cal-
culation grid unit of each grid column as a center. The
calculated stationary object line determined from the data
with a plurality of rises detected are considered to fail to
satisty the calculation accuracy, and the calculation for the
axial deviation determination thereof 1s canceled. As a
result, a determination calculation insuthicient in calculation
accuracy 1s excluded thereby eliminating the need of the
accompanying axial adjustment.
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A predetermined range with the angle calculation grid unit
as a center has the lateral width (white arrows 1n FIG. 6) of,
say, 2.5 to 3.6 m generating no stationary object data causing
an erroneous axial determination calculation even after a
lane change on a two-lane road. Also, the “rises” are
detected by utilizing the fact that the sign of the differential
value of the detection frequency i1s changed from minus to
plus by the rises.

Next, a specific operation of this embodiment 1s explained
mainly by reference to the sequence chart of FIG. 7 with
FIG. 6 showing the corresponding operation.

While the vehicle 1s running along a two-lane road, a total
of four views of guard rails including the left and right guard
rails taken from the left lane and the left and right guard rails
taken from the right lane are normally detected as stationary
objects. The first left line 1s selected first at step SO1.

At step S02, the grid column of the selected line nearest
to the operator 1s searched to determine the first angle
calculation grid unit. At step S03, the range including the left
and right grid units (x1 grid units) adjacent to the first angle
calculation grid unit of the grid column 1n the next distance
range, 1.e. the selection range of the next angle calculation
orid unit 1s determined. At step S04, the differential value of
cach of the three selected grid units 1s determined, and one
of them 1s determined as the next angle calculation grid unait.

The process up to this stage 1s similar to the process
described with reference to FIGS. 4 and 5.

At the next step S05, as illustrated in (1) of FIG. 6, 1t 1s
determined whether the two grid units each on the left and
right sides of the determined angle calculation grid umit
(indicated by white arrow 2.5 m long) contain a “rise”,
utilizing the fact that a “rise”, 1f any, changes the sign of the
differential value of the detection frequency from “-""to “+”

=10 47"

Upon detection of a “rise” in the two grid units on the left
side of the angle calculation grid unit, a “left rise counter”
arranged for each line selected at step S01 1s incremented by
1 (S05 and S06). Upon detection of a “rise” in the two grnid
units on the right side of the angle calculation grid unit, on
the other hand, a “right rise counter” arranged for each line
selected 1s similarly incremented by 1 (S07 and S08).

The operation up to this stage 1s performed for all the
distance ranges ((1) to (5) n FIG. 6) (S09). This operation
1s also executed for all the remaining stationary object lines
(the remaining views of the three guard rails, for example)
(S01).

Next, at step S11, a line of which the axial deviation angle
1s actually calculated 1s selected from a plurality of the
stationary object lines described above. Before starting this
calculation, the counts of both the “counter with left rise”
and the “counter with right rise” for the selected stationary
object line are referred to, and 1n the case where both are not
zero (two “rises”), the process 1s ended without calculating
the axial deviation angle (S12 and S15). In the case shown
in FIG. 6 (as 1n FIG. 3), therefore, the axial deviation angle
1s not calculated due to the detection of leit and right rises
shown 1n (1) and (2) of FIG. 6. Incidentally, the calculation

may be ended 1n the case where the count 1s a predetermined
threshold value or more.

In the case where the count of one of the “counter with left
rise” and the “counter with right rise” for the selected
stationary object line 1s zero (one “rise”), on the other hand,

the axial deviation angle 1s calculated to execute the required
process (S13 and S14).
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FIGS. 8 to 10 show the determination of the axial devia-
tion according to an embodiment.

FIG. 8 shows the portion (a) of FIG. 3 1n enlarged form.
Of the three lines added, the central one connects the angle
calculation grid units for each predetermined distance range,
and the left and right lines indicate the range (two left and
two right grid units) to detect “rises’™ in the grid units on the
left and right sides of the angle calculation grid unait.

FIG. 9 shows an example in which a three-dimensional
map ol stationary objects 1n FIG. 8 1s stored as a stationary
object detection frequency table in the RAM of the ECU of
the vehicle or the radar. In place of the frequency (number
of times) of detection of stationary objects along the height
axis 1n FIG. 8, the number of times detected 1s stored 1n a
memory area addressed by the distance and lateral position.
In FIG. 9, however, to clarity the correspondence with FIG.
8, the number of times the stationary objects are detected 1s
not used, but the halftone dot mesh pattern of five grades in
terms ol detection frequency shown in FIG. 8. In the
memory area with halftone dot meshing with the detection
frequency of 25 to 30, for example, 35 (25<35<50) may
actually be stored as the number of times detected.

The portions defined by thick solid lines 1n FIG. 9 indicate
the angle calculation grid units determined. Also, the por-
tions defined by thick dotted lines indicate the range (two
left and two right grid units) to detect the left and night
“rises’.

FIG. 10 shows an example of a table to store the differ-

ential values of the stationary object detection frequency
table of FIG. 9.

The method of calculating the differential value was
explained with reference to FIGS. 4 and 3. In the case
explained above, the differential values, 1.e. 0 (=0-0), -5
(=0-5), =7 (=5-12) and +7 (=12-5) of each of the grid units
[30, -0.5] to [30, -2.0] are stored 1n each memory area.

The table of FIG. 10, however, shows an example in
which only the signs of the differential values are stored. In
this example, the detection of sign change facilitates the
detection of a “rise” while at the same time making 1t
possible to easily predict the locations of the angle calcu-
lation grid units from the arrangement of the signs. In this
case, the angle calculation grid unit can be determined
simply by the calculation for the area around a predicted
point.

FIG. 11 shows an example of the eflects produced by the
application of the imnvention.

FIG. 11 shows an example of the angular error data
actually measured with different radar axes 1n various run-
ning environments. The abscissa represents the angle (de-
grees) ol the axis on which the radar 1s mounted, and the
ordinate the measured angular error (degrees). In FIG. 11,
the data 1n circles, which 1involve an angular error increased
by the running environment (FIG. 3), are canceled according,
to the invention. The other data are not more than one degree
and, therefore, are within a tolerable range of angular error.

According to the invention described above, 1n the case
where the stationary object detection data by beam scannming,
satisty predetermined conditions for axial deviation deter-
mination, the calculation for determining the particular axial
deviation 1s canceled. In this way, the erroneous determina-
tion of an axial deviation 1s prevented and an axial deviation
adjustment based on an erroneous determination 1s avoided.

10

15

20

25

30

35

40

45

50

55

60

65

8

The invention claimed 1s:

1. A method of determining the amount of axial deviation
of an on-vehicle radar based on a calculated stationary
object line determined from a distribution of stationary
objects, wherein said axial deviation i1s a deviation between
the axis of direction in which a vehicle, on which the
on-vehicle radar 1s mounted, 1s running straight and a
reference axis of beam scanning of the on-vehicle radar,
wherein upon detection of such a factor for determiming a
calculated stationary object line as to reduce the calculation
accuracy of the axial deviation amount 1s detected in the
distribution of stationary objects, the calculation of the
particular axial deviation amount 1s canceled.

2. A method of determining an axial deviation of an
on-vehicle radar, comprising:
the first step of acquiring the information on the position
of stationary objects by beam scanning within a pre-
determined time length and the number of times the
particular positional information 1s detected;

the second step of converting the positional information
into the address information of a grid-like table having
the origin at the current vehicle position, the abscissa
representing the lateral position of the vehicle and the
ordinate the distance to be covered by the running
vehicle 1n the forward direction, and storing the number
of times detected, in the grid area corresponding to the
address information;

the third step of determining the first angle calculation
orid providing a reference of the calculated stationary

object line from a grid column along a predetermined
ordinate 1n the grid-like table;

the fourth step of determining the angle calculation grnid
unit 1n a grid column along the predetermined coordi-
nate for the next distance range to be covered by the
vehicle 1n the forward direction within the range of the
abscissa mncluding the angle calculation grid unit and
the grid units on the left and right sides thereof, and
sequentially repeating the determination process; and

the fifth step of withholding the calculation to determine
the calculated stationary object line connecting the
determined angle calculation grid umits, 1 the case
where a plurality of rises of the number of times
detected are detected from the grid column for the next
distance range within the range of the abscissa includ-
ing the angle calculation grid unit and a predetermined
number of grid units on the left and right sides thereof.

3. A method of determining an axial deviation of an
on-vehicle radar according to claim 2, wherein the angle
calculation grid unit i1s the grid unit associated with the
maximum difference of the number of times detected which

1s stored 1n the adjacent grid units 1n the grid unit column at
the third step.

4. A method of determining an axial deviation of an
on-vehicle radar according to claim 3, wherein the difference
1s determined by subtracting the number of times the posi-
tional information for the grid units adjacent to the origin are
detected, from the number of times the positional informa-
tion for the grid units at the origin are detected.

5. A method of determining an axial deviation of an
on-vehicle radar according to claim 2, wherein a plurality of
the rises of the number of times detected are located on the
lett and right sides of the angle calculation grid unait.
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6. A method of determining an axial deviation of an running vehicle, and storing the number of times

on-vehicle radar according to claim 5, wherein a plurality of detected 1n the gnid area corresponding to the address
the rises located on the left and right sides of the angle

calculation grid unit are mdividually counted by a left rise
counter to count the number of rises on the left side and a 5
right rise counter to count the number of rises on the right

information;

determining an angle calculation grid unit in a gnd
column in the grid-like table and a stationary object line

side, and as long as both the left rise counter and the right by sequentially repeating the process for determining
rise counter are counting the number of rises, the calculation the angle calculation grid,

to determine the calculated stationary object line 1s not calculating an axial deviation of the on-vehicle radar
carried out. 10

. based on the stationary object line; and
7. A method comprising the steps of:

acquiring an information on the position of stationary
objects by beam scanning of an on-vehicle radar within

canceling the calculation of the particular axial deviation,
when a factor for determining the stationary object line

a predetermined time length: that can reduce the calculation accuracy of the axial
converting the positional information into an address 15 deviation amount 1s detected in the distribution of
information of a grid-like table having the origin, an stationary objects.

abscissa representing the lateral position and an ordi-
nate representing the distance to be covered by a £ %k kK
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